Background: To date there has been no randomised controlled trial demonstrating the safety and efficacy of macular relocation surgery (MRS) for age related macular degeneration (AMD). Vision can be improved in some patients and made worse in others despite successful surgery or because of complications. Purpose: To determine which patients would benefit from MRS. Methods: Twenty nine patients with exudative AMD took part in a prospective, non-comparative, interventional study. Macular relocation surgery involved phacoemulsification, vitrectomy, 360˚retinotomy, excision of choroidal neovascular membrane, and macular relocation using an infusion of 5-fluorouracil and low molecular weight heparin as adjuvant to prevent proliferative vitreoretinopathy. Patients underwent protocol refraction preoperatively and six-monthly postoperatively by designated optometrists. Preoperative fundus fluorescein angiograms were read by masked observers and the lesions were classified according to a set protocol. The main outcome measures were visual improvement, final vision of better than 20/400, reading speed, critical print size. Logistic and multiple stepwise linear regressions were used to identify independent factors which predicted the main outcomes. Results: Preoperative visual acuity (20/120 or worse) and lesion type (predominantly classic or submacular haemorrhage) were significantly associated with visual improvement (coefficient of regression B = 26.8, p,0.001 and B = 14.9 with p = 0.045 respectively). There were no significant independent factors which predicted a final distance logMAR visual acuity of 1.3 (20/400) or any arbitrary definition of blindness. Conclusions: The study showed that it was possible to select cases that were more likely to experience an improvement in vision following MRS.
A lthough many studies have shown that macular relocation surgery (MRS) improved vision in a number of patients, they have also shown that vision can be made worse in some cases. The visual outcome of surgery has been compared with natural history data. The Committee on Procedures Assessment Retina Panel concluded that ''to date [March 2000 ] no strong evidence exists to answer the questions about the effectiveness of macular relocation.'' 1 When we started MRS in 2000, we considered it a priority to identify those patients who were likely to experience improvement in vision. This information could form the basis of power calculations for a prospective randomised controlled trial (PRCT).
The aim of this study was therefore to identify independent variables which might predict the visual outcome in MRS for age related macular degeneration (AMD).
PATIENTS AND METHODS

Patients
From December 2000 to May 2002, twenty nine consecutive patients with AMD underwent MRS using 5-fluorouracil (5-FU) and low molecular weight heparin (LMWH) as adjunctive treatment in a prospective, non-comparative interventional pilot study. This study was approved by the local ethics committee. Selection criteria included patients age 60 years or over, signs of age related macular changes, including soft drusens and retinal pigment epithelial changes, and subfoveal choroidal neovascularisation (CNV) in the eye to be treated. All patients were given information on the options of treatment (including photodynamic therapy and no treatment) and a full explanation of the developing nature of the surgery. All patients were given at least one week to decide whether to undergo MRS. The logMAR visual acuity was measured following refraction by designated optometrists using a standardised protocol 2 All patients had preoperative fundus colour photography and fluorescein angiography, orthoptic assessment, and A-mode ultrasound biometry. Before December 2000, we carried out limited relocation surgery. 3 The 29 consecutive cases represented all the MRS for AMD performed in our unit up to May 2002.
Surgery
Macular relocation surgery
The surgery began with phacoemulsification and intraocular lens implantation (Acrysof MA30BM, Alcon, Fort Worth, TX, USA) using balanced salt solution. Then a 3 port pars plana vitrectomy was carried out using an infusion of Hartmann solution with added 5-FU (200 mg/ml) and LMWH (5 IU/ml). The posterior hyaloid was detached and the vitreous base was trimmed closely with a bimanual technique of transillumination and deep indentation using the light pipe (fig 1) . The retina was detached using a 41 gauge needle (DORC 1270 0.1, Zuidland, the Netherlands) and the infusion of balanced salt solution via a viscous fluid injector (Accurus 8065-740254, Alcon). A 360˚retinotomy was made using the high speed cutter and transillumination and deep indentation described above. Once the retinotomy was completed, the temporal retina was reflected and the CNV membrane was removed using intraocular forceps. Then the retina was rotated using a single-handed technique by means of the vitreoretinal brush (BD Visitec 585139, Sarasota, USA) through which Perfluorodecalin was injected once the fovea was in the desired location. We moved the fovea superonasally and at least one disc diameter from the edge of the bed of the excised CNV. Endophotocoagulation to the 360˚retinotomy was carried out using an illuminated laser pipe Abbreviations: AMD, age related macular degeneration; CNV, choroidal neovascularisation; FFA, fundus fluorescein angiography; LMWH, low molecular weight heparin; MRS, macular relocation surgery; PRCT, prospective randomised controlled trial (EndoOcular Probe, HGM Inc., Salt Lake City, USA) and a scleral indentor. A direct perfluorodecalin, silicone oil (1000 mPas) exchange was carried out using the viscous fluid injection pump and the passive aspiration of a flute needle.
Counter-rotation muscle surgery and removal of oil
Postoperatively, the patients were instructed to posture at home lying in bed, alternating left or right side down for 14 days. Ten to twelve weeks postoperatively, counterrotation muscle surgery combined with silicone oil removal was performed. The oblique and rectus muscle surgery was done according to the description of Neugebauer and Fricke. 4 Silicone oil was removed via a 3 ports pars plana approach and an internal search was made for any retinal breaks. All surgeries in this series were carried out by a single surgeon (DW).
Visual function assessment
All patients had protocol refraction and logMAR distance visual acuity measurement preoperatively and at 6, 12, and 18 months postoperatively. The Early Treatment Diabetic Retinopathy Study (ETDRS) chart (Lighthouse Television Products, NY, USA) was used. Best corrected visual acuity was measured at 2 m. The score was the total number of letters read correctly plus 15. If the patients saw fewer than 20 letters, they were tested with the top three lines at 1 m. The score then was the total number of letters read at 2 m plus the number of letters read at 1 m.
Between June and December of 2002, all patients attending for their protocol visits were also tested for their near vision. The MNread charts were used with a +2.50 dioptre addition and 40 cm reading distance. The logMAR near visual acuity, reading speed, and critical print size were recorded. The Goldmann visual fields were scanned into a computer, the area encompassed by the 4-IV-e was recorded. Each measurement was calibrated against a standard length line drawn on the Goldmann visual field plot. The area was given in square units which were not an absolute but a relative measurement of the size of the visual fields. Contrast sensitivity, using Pelli-Robson charts and colour vision, using the City University Plates, were also evaluated.
Fluorescein angiography
The preoperative fundus fluorescein angiography (FFA) were masked and numbered. These were graded by two investigators (MB and PL) masked to the clinical outcome of the patients. The FFA were independently read and the lesion types classified according to a set of criteria. The following lesion components were recognised: classic CNV, occult CNV, elevated blocked hyperfluorescence, blood and pigment epithelial detachment. Each observer recorded the presence or absence of each component and judged whether it occupied more than 50% of the total area of the lesion. Based on the lesion components, the angiograms were classified as predominantly classic (where the classic CNV constituted more than 50% of the lesion), haemorrhagic (where virtually the whole lesion consisted of retinal blood) and minimally classic (where the classic CNV constituted less than 50% of the lesion). The greatest linear dimension was measured using a graticule on the FFA and calculated using the known magnification factor of the fundus camera.
RESULTS
The mean (standard deviation) age of the patients was 75 (SD 6) years (range 63-90). The mean duration between onset of symptoms and MRS was 6.1 (SD 4.4) months (range 2-21). Fifteen patients had predominantly classic lesion, eight had minimally classic, and six patients had submacular haemorrhages.
Follow up
All patients completed a minimum of six months follow up. The mean follow up was 12.3 (SD 4.5) months (range 6.7-22.8). One patient failed to attend the 12 month follow up but attended the 18 month appointment. One patient attended for his 12 month examination but because of time pressure, the contrast sensitivity and the colour vision were not measured. One patient missed the 18 month appointment.
Visual function
The distance visual acuities are summarised in table 1 and figure 2. There was no significant difference between the preoperative and the postoperative visual acuities at six months (p = 0.50 by paired t test). There was no correlation between preoperative and postoperative visual acuities (r = 0.19 and p = 0.32). A Kaplan-Meier plot is shown in figure 3 with survival being arbitrarily defined as a lost 15 or more ETDRS letters (comparing last to preoperative logMAR visual acuity). The median survival was 22.8 months.
The visual function at the last follow up is summarised in table 2. The reading acuity and the critical print size were correlated to the distance visual acuities (r = 0.79, p,0.001 and r = 0.70, p,0.001 respectively). The reading acuity however, was slightly better than the distance visual acuity and the difference was significant (paired t test, p = 0.002). The area of the 4-IV-e isoptre in the operated eye was significantly smaller than that of the fellow eye (paired t test comparing means p,0.001).
Retinal detachment and proliferative vitreoretinopathy With the exception of the phacoemulsification part of the surgery, the cocktail 5 of 5-FU and LMWH in Hartmann Figure 1 The light pipe is used as a scleral indentor. The transilluminated light provides good illumination for trimming the vitreous base and carrying out the 360˚retinotomy, and enables the surgeon to carry out these procedures bimanually with better control. solution was used as the infusion fluid throughout the relocation surgery. The mean duration of the operation was two hours 33 minutes. Of the 29 patients, there had been three cases of RRD 2 of which were associated with PVR. The rate of retinal detachment was 10.3% (95% CI 2 to 27) and PVR was 6.9% (95% CI 1 to 23).
Fundus fluorescein angiography
There were three disagreements in the classification of the lesions. The concordance was analysed using cross tabulation and the kappa = 0.735 (p,0.001). Following discussion and while the readers were still masked to the visual outcomes, a consensus was reached for the three discrepancies. The two readers classified the 29 cases into 15 predominantly classic, eight minimally classic, and six haemorrhagic lesions. The correlation between the lesion size (greatest linear dimension) as measured by the two observers was also good; the coefficient of correlation r = 0.69 and the p,0.001. The mean size as measured on the FFA, expressed as greatest linear dimension (GLD) was 5409 (SD 3407) mm (range 1407-16 776 mm). The largest lesions were observed in patients with submacular haemorrhages, the mean GLD of the three haemorrhagic lesions being 11 720 mm. Figure 4 plots the change in visual acuity versus the preoperative visual acuity. The trend line for this plot has a negative gradient suggesting the change in visual acuity might be inversely related to the preoperative visual acuity. The surgery seemed to have an averaging effect. Patients with poor preoperative vision tended to be made better and visa versa. To determine whether this was a genuine effect or whether this was simply a natural tendency of ''regression towards the means'', 6 7 we tested the correlation between the change in the visual acuity with the average of the pre-and postoperative visual acuities 8 (Bland Altman Plot). The correlation coefficient r = 0.43 and was significant with p = 0.021.
Statistical analyses
Preoperative Vision
For case selection, we might choose a level of vision of 0.78 (20/120) as a cut off. We find that a preoperative vision of 0.78 or worse was significantly associated with improvement (defined as any increase in the number of ETDRS letters at six months) with x 2 value of 12.9, p,0.001. The association The Goldmann visual fields were scanned into a computer and the area of the 4-IV-e was measured in square units using a graphics programme. Figure 4 Plotting change in logMAR visual acuity against preoperative logMAR visual acuity. Note with logMAR vision any improvement is negative. Thus, patients above the x axis had improvement and below had deterioration. The trend line has a negative slope, suggesting that the worse the preoperative vision, the greater the improvement.
with ''significant'' improvement (defined as a gain of 15 or more ETDRS letters) gave a x 2 value of 9.3, p = 0.002. Figure 2A used If the predominantly classic and haemorrhagic types were grouped together, we found that lesion type was significantly associated with improvement (x 2 was 11.8 with p = 0.001) and ''significant'' improvement (x 2 was 5.8 with p = 0.016).
Lesion type
Case selection
The data in this study can be used to plan for a prospective randomised controlled trial. Multiple stepwise linear regression analyses showed that the two variables (preoperative vision and lesion type) were independent; each had a separate and significant effect on change (the number of ETDRS letters gained or lost at six months). The coefficient of regression B, for predicting change was B = 26.8 with p,0.001 for preoperative vision and B = 14.9 with p = 0.045 for lesion type. Figure 2B illustrates that by selecting patients with preoperative vision of 0.78 (20/120) or worse and by selecting patients with predominantly classic and haemorrhagic lesions, all the patients with visual improvements would have been included and, conversely, all but two patients with visual deterioration would have been excluded.
When lesion size, duration of symptoms, age of patient, duration of surgery, and chronological order of surgery (as a reflection of learning curve) were tested, none was found to predict improvement. There were no independent factors which predicted final visual acuity (at 20/400 or any other level), reading speed, and reading acuity.
DISCUSSION
The feasibility of relocating the macula was first demonstrated by Machemer and Steinhorst in 1992. 9 In the last three years, there have been over 50 publications in peer reviewed journals on macular relocation surgery (involving different techniques). It has been asserted that MRS is the only treatment in AMD that aims to restore lost vision [10] [11] [12] [13] but to date, there have not been any series which showed that the postoperative vision was significantly better than the preoperative vision. Lai et al 14 found in a series of 15 consecutive patients that the reading vision was significantly better at six months when compared with preoperatively (mean logMAR vision improved from 0.54 to 0.40, p = 0.02). By 12 months however, the mean near vision was back to 0.54. 14 The results of a consecutive series of 90 cases reported from Cologne showed that the distance visual acuity increased by 15 or more letters in 27%, remained stable in 41%, and deteriorated by 15 or more letters in 32% at 12 months follow up. 15 Although it might be correct to say that MRS aims to improve vision, 13 in practice there is no evidence to suggest it does so consistently. Stated simply, the improvement in some patients is offset by deterioration in others. The best results were perhaps those reported by Pertile et al 16 in a consecutive series of 50 cases. They concluded in their report that ''further investigations are necessary to determine which patients will have the most benefit from this complex therapeutic method''. Indeed we believe that this is the most important research question. Case selection is the key to power calculations for a prospective randomised controlled trial which has yet to be performed.
In this study we have reported on all cases of AMD treated with MRS in this unit over an 18 month period. The patients were highly motivated, and even though most were elderly and some travelled a long way, the follow up was good. The use of the British cocktail of 5-FU and heparin, 5 protocol refraction, designated optometrists, logMAR distance and near charts at planned intervals, along with masked readers of fluorescein angiograms, are important features of our study.
In terms of the proportion of patients improving, remaining stable, and deteriorating (using a change of 15 ETDRS letters at 1 m or a doubling of visual angle), the results at six months and at last follow up were largely comparable with those reported in other series, even though the preoperative vision in our patients tended to be poorer and the duration of symptoms tended to be longer. [14] [15] [16] [17] The preponderance of predominantly classic lesions in our series was because many patients were initially referred for photodynamic treatment.
Pieramici, in a series of limited translocation cases, found that the preoperative visual acuity was significantly correlated with postoperative visual acuity. 17 Although there was a large number of patients lost to follow up, the data seemed to infer that to obtain good postoperative visual results, patients with good preoperative vision should be selected. In our series, no correlation was found between the preoperative and the postoperative visual acuity.
Instead, we found a relationship between preoperative visual acuity and the change in visual acuity by six months. This relationship is inversed-that is, the worse the preoperative vision the greater the improvement, and this occurred more than was predicted by chance.
The lesion characteristic was also an independent variable and had a separate influence on the change in vision. Patients with minimally classic lesion tendeded to have better visual acuities preoperatively and poorer visual acuities at six months and at last follow up. They also tended to have a more insidious disease. 18 The overlying photoreceptors might already be damaged by the chronic nature of the disease, and with the further insult of surgery, vision was made worse. The efficacy of surgery for minimally classic lesions is being studied in an international multicentre prospective randomised controlled trial organised by the Cologne group (Macular Relocation in Age related Neovascular disease (MARAN) study). Outside the context of a PRCT however, it might be difficult for us to justify surgery on minimally classic lesions based on our results. We are hesitant to extrapolate from our results as most of the patients have a long history of visual symptoms. Other centres may have a different experience with minimally classic lesions: by treating early, patients might benefit from stabilisation even if surgery did not produce improvement.
The finding of the field defect is not new. [19] [20] [21] [22] It might be partly explained by the fact that the optic nerve head is not at the geometric centre of the retina or by extensive peripheral laser retinopexy. 23 Whether the rotation of the retina through large angles might damage the nerve fibre layer, we can only speculate. We now routinely perform Goldmann perimetry preoperatively as a baseline measurement. It might be argued that patients with substantial field loss in the fellow eye should not be selected for MRS. We suggest that all patients, especially one eyed patients, should be counselled on the possibility of loss of peripheral vision as a result of surgery. 24 One of the most serious complications of MRS is retinal detachment and proliferative vitreoretinopathy (PVR). 11 In the past, we have shown the value of the adjuvant 5-FU and heparin in preventing PVR in high risk patients 25 We are encouraged by the relatively low rate of retinal detachment and PVR in this series, taking into account the fact that these were our first cases.
As our study was a non-comparative one, the results cannot be used to justify treatment, but they can help the planning for prospective randomised controlled trials. Surgery appeared to have an averaging effect. Patients with good preoperative visual acuity tended to be made worse and patients with poor preoperative visual acuity tended to be improved. We have identified two independent factors, namely preoperative visual acuity and lesion type. The two factors appear to predict improvement. By selecting patients with poorer vision, not amenable to any other proved forms of treatment, 26 it would be possible to use natural history as a control group in a PRCT. The numbers involved in such a trial would be relatively small and feasibly recruited from one or two centres. The authors are convinced that macular relocation surgery has a role to play in selected patients with age related macular degeneration. It is very much hoped that such a randomised trial will be conducted to provide the evidence base for MRS.
